Investigation on Design, Fabrication and Hydrolysis Properties of Al-(Bi, Sn) Based Composite Powders by 柳玉恒
  
学校编码：10384                                  分类号     密级       






博  士  学  位  论  文 
 
Al-(Bi, Sn) 基复合粉体的设计、制备 
及其水解制氢性能研究 
Investigation on Design, Fabrication and Hydrolysis 
Properties of Al-(Bi, Sn) Based Composite Powders 
 
柳 玉 恒 
 
 
指导教师姓名：王翠萍  教授 





答辩委员会主席：       
评    阅    人：       





















另外，该学位论文为（                            ）课题
（组）的研究成果，获得（               ）课题（组）经费或实






声明人  （签名）： 
指导教师（签名）： 
 



























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 



















面生成一层致密的 Al2O3钝化膜，降低反应活性。本研究采用 CALPHAD 方法设




制备了一系列 Al-(Bi, Sn) 基复合粉体。研究结果表明，在 Al-Sn 合金中仅能得到
Sn-rich 相在 Al-rich 相的晶界上偏析的复合粉体；在 Al-Bi 和 Al-Bi-Sn 合金中，
通过调整体积分数，可以获得 Bi-rich 或 (Bi, Sn)-rich 相部分包裹或完全包裹 Al-
rich 相的复合粉体。 
（2）研究了 Al-(Bi, Sn) 基复合粉体的水解制氢性能和抗氧化性能，并考察
了温度、反应介质以及成分对制氢性能的影响。研究结果表明 Al-10Bi-10Sn wt.% 
复合粉体具有优异的水解制氢性能和抗氧化性能。在空气中收集的该复合粉体与
30°C 的蒸馏水反应时，转化率在 16 min 内达到 91.3%，且反应不受水温限制，
即使在 0°C，转化率仍可在 88 min 内达到 80%。半包裹的复合结构、Al-rich 与 
(Bi, Sn)-rich 两相间的熔点以及热膨胀系数差异是决定该复合粉体具有优良水解
制氢性能和抗氧化性能的关键因素。 
（3）本研究的 Al-(Bi, Sn) 基复合粉体水解反应产生的氢气纯度在 99.98%
以上，可直接用于氢氧燃料电池。将 Al-(Bi, Sn) 基复合粉体与氢氧燃料电池结
合开发了移动氢源发电系统，2 g 复合粉体可以使 3 W 小风扇工作 2 h。 
 

















Hydrogen generation using aluminum-water reaction has drawn a lot of attention 
for its low cost, high efficiency, safety and environment-friendship. In practical uses, 
however, Al-based hydrolysis materials will react with oxygen in the air, forming dense 
Al2O3 passivation film on the surface and lose reactivity. In this work, taking Al-based 
liquid-phase-separation system as research object, Al-(Bi, Sn) based powders are 
designed using CALPHAD method and fabricated by gas atomization method. The 
hydrolysis properties, oxidation resistance properties and mechanism are investigated, 
as well as the application on PEMFC. The main results are summarized as follow: 
(1) Using CALPHAD method, phase diagram and volume fraction are calculated, 
alloies are designed and Al-(Bi, Sn) based powders are fabricated using gas atomization 
method. In Al-Sn powders, Sn-rich phase segregates on Al-rich phase grain boundaries. 
In the Al-Bi and Al-Bi-Sn powders, by adjusting phase volume fraction, Bi-rich or (Bi, 
Sn)-rich phase can partially or entirely cover Al-rich phase. 
(2) Hydrolysis and oxidation resistance properties of Al-(Bi, Sn) based powders 
are investigated, as well as the influence of temperature, solution and composition. 
80Al-10Bi-10Sn wt.% powders have the best properties, and the powders collected in 
air can react with distilled water at 30°C with conversion yield of 91.3% within 16 min. 
Even at 0°C, the conversion yield gets 80% within 88 min. Partially covered structure, 
the difference of melting point and thermal expansion efficient are the key factors. 
(3) Hydrogen produced from Al-(Bi, Sn) based powders in this work has high 
purity of 99.98%, and can be directly used on PEMFC. Combining Al-(Bi, Sn) based 
powders and PEMFC, on-board hydrogen energy system are developed, 2 g Al-(Bi, Sn) 
based powders can afford 3 W micro fan for 2 h. 
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择合适的成分，利用气雾化制粉技术，制备 Al 基复合粉体，将 Al-rich 相包裹在




























是汽油热值（48000 kJ/kg）的 3 倍。与其他燃料相比，氢气的比能量可以到达



































负极：H2 → 2H+ + 2e-                                 （1-1） 
正极：1/2O2 + 2H+ + 2e- → H2O                          （1-2） 
 
 
图 1.1 氢氧燃料电池工作原理图[53] 
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